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Vbim aivIieatiaB !■ rlMA to our eopMding 
Wlieatlons swlal no. a69«SS7, m«l Hovwabtt lo, 19B8« 
•ntiUod •PDlywrl.atlcm of Anllto. «d if D«lv«tivM«i now 
U.S. F.t«nt No. 4,»40,517, ^ atrial He. B30,377, fll«| M«y 30, 
1990, •ntltl.d •Poly««ri,.tlon of «.ic*h«» Dtrlvtlv-,'- 
nw V.6, fttmt 4,»8C,m. 

yield Qg th» mmn^ ^mf 
Vhm pr^mt imnticm xalates to thm tibnleal and 
1.etroeh«lcal pir^pwrtlen of polype, ^^l substituted 
derivetive*. perticul«rly, the imntUm relate, to 

li««ovd .etIUMl. tor pol,«ri«iag pyrrole «ul If derivative. i„ 
a >ere eoet^ffeetlve and anergy-eff ieieat »i»«r. a. nail the 
w«ilti«»g polywrrxole. and pelypyrrela derivative, having 
iaproved prepertiea, madh mm inereaM neethneu aad/er 
witoraity of the eleotrocWeaiiy pr^yexed pelyw fii... 
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••oteroniia of thm ±t^»^t^4^ 
Thm pubU«h«d Iltttatur. and p^untm dMcrlb. a nmibmt 
Of Mthod. for pMpuring poljppyrrolo. A. £lt,t pol3^i,atlon 
Of pyrrol, va. r^perM in m« to givo a blacde aaexphous powder 
long zofoxrod to ao "pyrreU UadC". zn Meant yaara, 
polsrorrola and its darlvativaa lutva raealvad InetMalag 
attantlon aa an important elaaa of alaotrleally eonduetlag 
polyaar. for thair petantlal eonarelal and .lUtary application. 
In advwioad aatarlala, for axaqplo, olaetroaetlv., cptloal, 
•ntl-eorrealen, •loetooMgnatlo-ahlaldlng and blamdloal 
aatarlals. and la eonirtaruotlon of now typa. of ethar olaetronle 
tttarlala, tor axuvla, .leroalaotroda.. battarlaa, mmmorm and 
dmg^aaaa and alaetronle dwrloaa. Ufclng apprpprlata 
Prooaaalng Mtbeda. aaeh a. atxatchlng of th. poly«r fli«a or 
fllmr. or lnt«ro.latlv. polyn^rlMtlon of »y«ola In an lnorg«»lo 
natrlx, tbo conductlvltla. of polypyrrol- m wportad to ba a. 
Jilgh aa 500-7SOO Slanan. par eaatiaatar (s/em). 

Folypyxzola and Ita darlvatlva. can ba praparad by (1) 
c6«ileal or (U) aUetrochanlcal oiddatloa of pyrrola and Ita 
darlvatlva* aa r^praaantad by tha follevlng agaatlent 



Oxidant or ^^f^^^^n 
^ applied pottadal ^ 

Polypymile 
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Thm •l«etn»h«mloal polmrisatien of pyrrole Is 
fi-rUly oBxrM oat uin, l«t«rtlo.Ut, galvanestat or cyclic 
Pot«itial •M.pli^r tMhniqu.. 1» oitbor «qu«ca. or organlo 
»o obtain a f«.t rata of polynarlaation of pyrrola, . Wgh 
•PPliad pot«,tial Of at laaat about l.o volta (7) v«ua (v..) 
•aturatod ealo>»i oloetroda (SCB) ia gw^rally raqulrwl. 
toiiavar. tha polypyrrola polym so praparad daeoqwaa nO/or 
-adaxgo u»d..i»bl. .ida^otion. r«idily at high pot«,ti1.. 
oft«, r«ltlag to «*.ta«dard waiity of tha polyar., toduding 
Irrwaraibla loaa of alactroactivity. Koraovr, tha proeaaaaa 
di.clo.ad in th. .oi«,tifio litaratur. and pnt««t litarataro for 
•lactrochaaioally poly.ariting pymu ganaraUy pmida 
raaetiona having sloir Maetioa mtas. 

Cb^miM ptaparation of polypyrrola and it. darlvativ. 
la tmlly earriad oat irla nidation of tha >oneaar. with 
««idanta, «ich a. hydrogaa par«cida and farrio ehlorid. to both 
tha liquid and vapor phaa... Ch-doally praparad polypyrrola. 
ara u««lly of poor ,«.ii^ and poa^.. loa«: condaotivitto. than 
thoaa pr^parad laotwKdiaiaoally. tha yloid of aynthaato of 
«i»«lcally praparad polypyrrola. to tt«»liy i«, . 

Of ocltet to »ad, nhioh oaaaa «ay rtmcturai 
«afaeta to tha pelyMra. 
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Host Of tb« pxmrlolu vork in tlM timid of polypyrrelos 
bMD dmretod to tho stody of tho vdiyoioeeliaBieal and 
•Uetrieal proportlos of tto polyaon and to tho otu^y of am, 
■ooomoro. Bmnmt, tbo dm^stzy of tho polyMrlsaUea of 
pyrrolo and Its doslvaUvos Mooivod litUo attoatlon. 
Xdcoovor, aeno of tho provlooo aothodo for tho ayathoaia of 
oloetrleally conduoting polypymXo and ita dorivatlvoa iavelvaa 
vming ergaale initiators as in tha praaant invaation. 

Aeeozdingly, hi«har yialdiag and aora offoeUvo eoat 
and oBozgy of f ieiaat aathods of predttoJng polypyrxnlo and its 
dorivatlvoa aro aaadad. 

iriaf mammr^ a f tho la— %ian 
Oao aspaet of tho iavaation roiatos to a aathed for 
polyMTlsiag a eospouad haviag tha folloviag fonntlat 




•towsin 9i\ aad ft' ^zo iadn>«idoaUy I^Fdregon, halogoa, 
-CB* or -fiR*i aad is szyl of 4 to u caztena or aliphatie of a 
to 20 cazbens, oosprisiag roaetiag tha eolvoBBd of fonala Z in 
tha proaaaea of (a) an iaiUator, tbo initiator ee^viaiag a a- 
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~b.tltut«i pyrrol, nucuu. vhlch ba. . io.„r oxidation pot«,tlai 
than tha ceqpouiul of f orwUa I and iri^eh 1. cpablo of Doing 
lnoorporat«l into tho pol3P»«r ««atl„g ft« poly..rl..tlon 
roaotlon, (b) a obaloal oxidant or an appllod .l«:troobaaical 
Potantlali and (e) a selvant. 

Proforably, tha Initiator la a compound having tha 
fellovlng focaolat 



H H 



idiualn R 1. bydrog«,, balog«», »«, .^(r')^, W or 

-« » R 1. aryl Of 4 to la oarbona, allpbatlo of i to ao oarbo«i 
orapoly».rlora.ldu.,a«dxl.„i„t.^^„^,^ ^ 
Provlao that id>an R« 1. bydrog«». x l. not 0. 

». Invaatlon 1. partloaimy uaafm for polyrumg 

Wnrolo In tha proaanea of an Initiator oonprlalng a 

3-.»b.tit.t«l pyr«»i. ^ „ a,a'-blpyrrola, «iiich 1. 

l>ico>poratad In tho polyi^r of tha xa«atlag alaetrloally 

oonduetlvo polypyzrolo. 

Irlaf a««ygl|ift4 en ^i.^ w4^ 

»• flguro 1. a plot of tho rolo of . polypyrwiu 
f o»atlon with varying anount. of Initiator, proportional to 
oatbodlo obarga. 
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»• B^ote of th« psMMt iavantloii an appiiciddle to 
both tbm eboBieal and •lootrocdMidoU syBthoels of •Xoetrieally 
eeoduetlag polyp^rxxelo mad its dorivatlm. GnwnOly, tho 
Mtheda aay fa* earrlAd out ia aaaaatially tbm maam aamar a* 
eonvwiUonal or etbar knewi prior art Mttaeda of polyaarislng 
vyrzolo and its darlvativ««, asoopt that aeoeitfljig to tha pcaamit 
iBvantlen, an initiator eaapriaing a a-anbatitutad pyxrola 
auelaua ia inoludad ia tha raaetion aiietara. 

Aa a xaault of ineocporatiag tha initiator in tha 
ztaaetioaa aeoording to tha praaant invaatien, tha rataa of 
polyaarisation ara graaUy iaeraaaad, tha aynthatie yioid of tha 
palypyrsolaa axa iaoraaaad, tha ooat affaetivaaaaa and anaxw 
•f ficiaugr of tha polyaarisation ara ineraaaad, stnwtnral 
dafaeta in tha pelyma ara sadaead, tha polyaara praparad «sa 
■ora uiifoKB, tha obeiea of oacidaBta and aoaoMra ia breadanad, 
lovar petantiala axa zaviirad ia tha alaetzeehiaioal ayathaaaa, 
and qpaUtiaa of tha poiyMca, iaeladiag alaetrieal 
coodnetivitiaa. anifonaty of tha polyaar filaa, uid adhaaien of 
tha polyaar f ila to a aabatcata, aooh aa a platiaaa alastrada 
anrfaea, ara iaprevad. Tba aathoda of tha praaaat layaatioa alao 
pmida a aaaaa ef eeatraUiag tha aelaonlar «ai«hta aad 
aolaenlar aai^ht diatribaUaas ef tba xaanltiag polyaar. 
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In qmmnl, thm mmthoU of th» prM«nt invmtlen offer 
gr«it onhaneMimt of tho rata, of poly«orii«tioiio and ro«»lt in 
tho proparatlon of liighor vaUity oXoetrleally oonduetlng 
polypyxxelo and ito dorlvativoa in oignlf ieuiUy inerouod 
yioldo. For oxa^plo, witliiii a glvm zuetien tim opon, tho 
addition of O.X aolo paxeant of 2r2'-bipyxrolo to tba 
aloetroehaaieal poly»ari»atloa of pyrrol. ia«da to aboat a 900% 
inoroaaa in tho aaount of tho pelyaario product dapeaitad on tha 
alactroda. 

Aa indicatad abova, tha aatboda of tba praaant 

Invantien ara applieabla to tha pelyurlsatioa of 
(aeneaara) of tha folleiring fox»aa Z: 



tftwain and ara indapandantly hydrogan, halogan, R*, 

-OR* or -aR*, and R* la aryl Of 4 to 12 earbena or allpbatie of l 
to 30 earbena. Balogan la prafarably tihlorlna, hveoina or 

ledina. Othar oiaUar pyrroia ooppomdo irtiicli My ha polyiwlaad 
aeoocding to tha aatheda of tha ptaaant Imrwitien wUl ba 
Wrant to theaa akUlad in tba art. Prafarably, r^ i. hydrogan 
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and and axtt iiid«pmd«ntty hydrogen or uthyl. Hor« 
pc«f«ral»ly, R^, R^ and r' m mmtih iiid^pwBdMitly l^ydregMi^ 
pyrrol* itaolf . 

TtM pcosont invontiea aloe laelttdaa tlM copoIyBar- 
isation of tvo or aoro dlffaroat aonnmara of foraula Z or tba 
eqpolyBeriaatlon ot two or aoro dlf f oront aonoMro of foraula z 
vitli aam oar aor* otter aenoMr*, oacih as oObatltntod or 
oaaubatitvtod aniUno and thiopbana aenoawra, to prodneo othar 
olaetrieally oenduotivo polyMcs. Suoh eopolyaora my laolnde 
pelythlophanas, polyfurana, polyanilinoa and tba lite. 

llliila tha Invantora do net vlah to bo bound by any 
partieolar tbaery or thaoriaa. It appaara that tha *««tlal 
eaddation ot pyrrolo aonoMr and pyrrol* aoneMr dorivatlv* to 
bipyrzolo and hipyrrola darlvsUvo, gwwraZly rafarrad to m the 
»iel*atlen proeaaa, la tha rata-dataraining atap in tha 
polyaarisation of pyrrol* and pyrrol* darivatl<v*a. Shla 
auelaation proeaoa for pyrroU aay ba dapletod as follows: 
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Sine, thm oxidation pot«iti«l« of a,a'-blpytToX* and oth« 
ollgonars of pynrola and its darivativM ara lovar than tba 
oxidation potantiala of pyrrola nonoaara, tha bipyrroU and othar 
ollgonar. of pyrrola and it. darlvativoa in tha polyaariaation 
raaatlon ahould ba oxldlMd firrt, loading to nuolaaUon n»eiaa 
upon ifhioh tha polyMr grov^. marofora, tha intantional 
addition of 2.2'-bipyr«ol. and othar ollgonar. of pyrrola and It. 
darivativa. mid byp... th. rata-datari«lning mtmp and inoraaaa 
tha nuabar of tha nuelaation .paeia. in tha polyMriaatioo 
raaotiona. ihi. say axplain tha highar ovarall rata of 
polynaritatioa and aero tmifom polyaar f ilu of polythioph«ia 
and Ita darivativa. obtaiaad aeeording to tha aathed. of tha 
pvaMnt invantien. 

•inea tha addad bipyrrola or othar ollgonar. of pyrrola 
and it. darivativa. hava lowar oxidation pot«itial. than tha 
pyrrola nononara, lonar appliod potantiala ean bo offaetivaly 
iiaad in tha polyaarisation to mid tha ■'^^■Irabla aida- 
raaotion. oanaad by oir«r^idation to prod« polypyrrolo and it. 
darivativo. with iavrovad quality, it i. ..tabli«»ad that 
tha Bolaeolar woigbt and aolaeolar valght diotribation of a 
pelymr i. diroetly ralatad to tha nunbar of tha IniUatlon 
•paeias. Tharoforo. tha aolaeolar weight and aolaeolar iiaight 
diatrlbtttioa of polypyrrolo and ita darivativaa prapaxad 
•ccerding to the aotheds of the proaant lavantioa aay be 
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controlled and x^gulated by vazylng thm aoeunt of tbm feipyrrola 
or oligraaro of pyrrela and Ita darivatlvaa addad to tha 
pelyBarisatioB raactlen aixtura. 

Zn aceordanea with tba vraaant Invantien* tba 
concantratlon of tha ooqpeand of foxnila Z In tha aolvant for tha 
raaetlon to pelyurlxa tha eo^pound of foranla Z ia In tha ranga 
Of about 1 X 10-* sola par Utar (M) to aboat a K or aora, vith 
tha ranga of about o.os M to about l K baing aora prafarrad. 

with both tha tihaaleal and alaetreehaaleal oxidation 
Mthoda aoeordlag to tha pcaaant Invantlon, tha advantagaa of tha 
lavantion ara obtalnad by ualng an Initiator to Inltlata tha 
polyaarltatlon of pyrrola or Ita darivatlvaa. Tbm Initiator to 
ba uaafttl In tha praaant lavantlon aast hava tuo proparUaas 
CD • loiiar oxidation potantlal than tba pyzzela aonoaar or ethar 
pyxrola darlvatlva to ba polyaarlsadi and (U) tha capability of 
balng iaeoiporatad Into tha polyaar Ohaln (l.a., aa an Intagral 
part Of tha atruotoral baekbona) of tha polyaar raaultlng from 
tha polyaarlxatlon raaetlon. 

Aa Indloatad abeva, tha Initiators ttaaful la tha 
ptasaat lavantlea pcafarably eeaprisa a oo^ouad having tha 
fellovlag fonolai 
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(ZZ) 



H H 



Kbez^ a' 1. hydrogen, toXegm, r«, -(««, hkr^),, -hhr^ or 
-8R«; »« 1. .ryl of 4 to 13 cmrbow, •llph.tic of i to 30 carbon, 
or a pelyMTle roolduo; and x 1. an Intogar fM 0 to 8. with tha 
proviao that whan R« ia hydregan, x ia net 0. 

rhm R* polyaarle xaaidua aay ba, for axa^la, a 
polyaaida, a polyaatar, a polyathar, a polynrathana, a 
polyaeryuta or a vinyl polyaar. Xa aooordanea vlth th. praaant 
Iwraation, tha pyrrola nnelana miO/ot pyrrola molal in tha 
initiator aay ha praaant aa pandant group, or aa and gxoupa in 
tha poly.ar ohaia of tha R« polywrio xaaidoa. Prafarably. R» 1. 
IVdrogaa and x i. i or 2, and mm p«farably, R* i, ,^yto,gaa and 



X la 1. 



Vartieularly pcafancM pyxxola iaitiaton for uao ia 
tha pMaaat invaation iaeloda tha diwio aad trlaarie apaeia. 
Md othar oligoaata Of pyrrola or It. darlvativaa. For axai^la. 
tha Boat ccmm diMrio fot. of pyrrol, is a,?'-hlpyr»ol. «hi«*h' 
eaa ba raadily praparod frcm • coodaa«itioB of a wxolldiaoaa 
«ith nrrrela f eHevad by dahydrogaaatioa of tha raaultiag 
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prrrollns bassd on a aedifi«d proe«dur» x^rtad in the 
litwratur*. sm b. tepepert and h. Caatagaoli, J*., Journal o£ 
tha Aaarican Qiaaleal gooi«fcv. ««, p. 2178 (1963) and B. Bapoport 
and J. Bocdnar, Jontnal ef oraanLe ts^imt-^^ ft, p. 372? (1964) . 
A raitabla triaarle vpaoias whleb any ba oaad la 3,3'i5',3". 
tazpyrrela, nhich ean alao tea praparad baaad on a aliftllar 
preeadura aa that for tha pr^aration ef blpyzzala. Tha 
OKidatioB potaatiala of 3,3'«blpyrrela and 3,3MS'3"-taxpyxzola 
ara 0.55 and 0.36 volta (V), zaapaetivaly, iihifih ara audi lewar 
than pyxzola (1.3 V). 

Othar alBllar coQpeunda ecqprlalng a aubatitutad 
or wwabstltotad pyrrola naolaua ubidh aay ha uaad aa an 
initiator in tha polyBarisatien ef tha eeaveiind ef foxaula z 
aecerding to tha aathoda of tha praaant Invantien will ba 
apparant to thoaa alclllad in tha art. per example, ethar 
•ultabla iBltlatesa oaafiil In tha preaant lavaatien Inelnda a 
ring* or s-eubatitntad ecqpoand ef fonula ir, polynuelaar 
areutle eeopeiinda each aa Indolaa, highar oligcoara of pyrrela 
and Ita darlvatim, and aynthatlo pelynara that eontala ena, two 
or aera initiator groHpa of f eraula ZZ aa ohaia aada or aa 
pandaat gteiva. 

tta praaant invantien alao Ineledaa pelyMrltlag a 
ee^ponnd of fesaola z in tha praaanee ef two or aora dlff axant 
ialtlatera. 
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III aeoerdanea with thm prmmt Invwitlon, th* 
«me«itr«tl(m of thm Initiator 1. in tha rang* of .bout o.OS to 
about 10 aolo poreant or >ora of tha eonpoimd of f onsala X uaad 
in th. raaction, vith tha rang* of about 0.1 to about a sola 
pareant boing aora prafarrad. 

Xn tha eaaa of polyMrisation of pyrxelo and Ita 
darivativaa by ohanloal oxidation, tha Mthoda of tha praaant 
Invwtion »y uaa any of • nunbar of convantlenal or 
unconvantionaX inerganie or organle oxidanta or oaeidising agonta. 
canarally, it io only raquirad that tha oxidant oseidisa tho 
eoiwound of f oxanala X and that tho eacidant 1. oolublo In tha 
aolvwit naod in tha polynoriiation raaetion. 

Xt i. psofosrad that tha eocidant is « notal in it. 
highar aotldatien atatoo in a aalt foa with a halido or 
pathalorata aa oount«riona, an organic or inorganic parotid., 
cMtygaa or an organic oxidising agant, .ueh aa thioaraa dioKida 
H,Ke(-MH)80jH. iXMqplaa of auitabla oxidanta inoluda ina (XXI) 
parchlorata (FaCClO^),). ixon-««yflhlorido (FaOCl), ocroar (ii) 
Parohlcrat. (cu(cao^),,. F.(cm),, pocij, Alci,, cuCl^, a.^^, 
hydrogaa paroxid. (H^o^) ^ ,ui,rt«ra. tharaof . Jroforably, tha 
oxidant eonpriaaa Faca,. othar auitabl. oxidising agrata, in 
addition to the.. «x«naifi.d abov., wUl ba warm in viaw of 
tha praaant diaelesm. 
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Th« solar ratio of oxidant to tba cnqwund of foxnula I 
(aoooaer) ia prafarably in tba ranga of about o.isi to about 20:i 
car BOX*, vitb tba ranga of about Itl to about 2.5:1 baing aora 
prefarrad. 

In tba eana of alaetreohaaieal polyaarisation of 
pyrrola and itm darivativaa, tba raaetion ia prafarably oonduetad 
in tba praaanea of an alaetrolyta. Oanarally, It ia only 
roqalrad tbat tba alaetxelyta nvport alaetroebaaiaal 
polynarlsatlon of tba eeopouad of foenula I and tbat tba 
•l«ctrolyta is aelubla in tba oelvant uaad in tba polyMrisatien 
raaetion. 

m aeeerdanea with tba praaant invantion, tba 
alactrolytaa auitabla for uaa in tba alaetroebaaieal 
polyrorlaation of pyrrola and ita darivativaa ara tboaa 
•lactrolyta. typically uaad in alaetroebanieal raaetiona and 

fl«»ally iaoluda ©rganio and Inotganio aalta or aoida. Aomplas 

Of auitabla alaetrolytaa inoluda tatraall^lawwiiun, litbiua or 

•ilvar aalta or fraa aeida of tatrafluexoberata, 
baxafluerearaanata, banfluoropboapbata, paxeblosata* 

fluoroattlfonata, bydrogan aulfata, trlflnoranatlvlnulfwata, Sr 
broBObansanasulfenata, fi-tolttaaaaulfcnata, triflnexeaeatata, 
halida (a.g. dilerida, bnaida, flnorida, iodida) or pbo^pborata, 
or aiqr auitabla aixtara tbaraof . 
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Pr«f«ral)ly, th« •l«etrDlyt« eamprlm— UCIO^. itov«ver, 
oth«r •ttltablft •l«erolyt«s, in addition to thoM rnqplifiad 
•bovo, trill bo onmroBt in viov of tho proo«it dioolowjo. For 
•ataiapl; polyolaotrelytM inolodiag polyphooplwrato, 
polyaerylato, poly(otyr«io oulfomto), M dopod poly(«tby2oiio 
ojtide) can alw> bo UMd as tho oloetrolytoo in tbo aotbodo of tho 
proaont iavontion. othor polyoloetvolytoa to bo vsod in tho 
l»roaont iavontion would bo xoadily apparont to ono of ordinaxy 
Bkill in tho art. 

m aoeordaneo vith tho proaont invontion, tbo 
concentration of tho oloctrolyto io proforably in tho nuigo of 
.bout 0.001 > to about ) M or «,ro, with a ooaooatration of about 
0.05 K to about 1 M boiag nor* praforrod. 

in tho eaao of oloetroehonioal polyMritation of 
pyrrolo and ita darivativoo, tho aloctric potantial i. g«,arally 
•ppliad uaing oyelio potontial owoop taehniquaa, potantioatat 
toehniquoa or galvanoatat toehnivioa in a two- or thrM^loetredo 
eill. conoraliy, a platiniia aloetrodo la usod aa tho alaetrodo 
upon Which tha polypynrolo and ita dariwativoa aro dapoaitod aa 
f Una and tha potential ia ivpu^d rafat«ieod to a standard 
aatoxatad oalOMl oloctrodo (SCE). it io only roguirod that tha 
•loetxodo dooo net eacidiso eoncorxontly with tho pynmio 
during tho polyMriaatioB. Othor working and rofo»noo 
doetrodoa ineludo, fbr ompto, «eld« tin oaOdo* n-tnm 
polyetyatalliao ailieen, gaUiim arwido, eadaiim nlfid.. 
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eadaluB ■•Imldft, and graphlt*. otlwr •nltabl* •laetrelytio 
Mthod* and anwrattts for eaxzylag out tha pxaaant Imrantlen will 
ba avidant to theaa «klllad In tha art. 

Xn tha aathoda of tha praaant luvantlen, tha up-2iait 
potantlal aay ranga txom about 0.1 ▼ to aera than about a V va. 
8CB nhan tha cvello potantlal avaap and potantleatat taefanlviaa 
m vaad. teafarably, an «p-liait potantlal of aboat 0.7 v to 
•bout 1,0 V va, SCB >ay ba uaad In tha praaant Invantlon. Xn tha 
cqrollo potantlal m^mp taehnl«ua, tha rata of potantlal avaap aay 
ranga from about l to aara than about 300 nllUvolta par aaoend 
(«v/aac) . frafarably, tha rata of potantlal avaap in tha c^le 
potantlal avaap tafihnlqua In tha praaant Invantlon la about 25 to 
•boat 150 «7/aao. Man tha galvanaatat taehnlqua ia naad, tha 
enrrant aay ranga fM about i aleroa^para (aJk) to aera than 
•bout 100 ah vlth tha xaaga of about 0.5 to lo aa balng aera 



in aeeozdanea with tha praaant Invantlon, tha 
pelyaarlsatlon of tha eentponnd of focauU I la eondaetad In 
•olutlen aadla. tha vapor phaaa or la an erganle or Inorganic 
aatarlal. Oanarally, a aultabla aoliitlon aadla to ba uaad In tha 
aathoda aeoordlag to tha praaant lavanUan eeaprlaaa a aolvant In 
nbleh althar etaaaleal or alaetroehaaloal polyaarlsatlon of tha 
ooapound of foraula X ean ba oonduetad. Xn addition, tha aolvant 
mut ba ena vhlah doaa aot oaddlaa "fW Hr tha 
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ZxaaplM of Bolvrnts niltabl* for ehcaieal or 
•Uotro<d>«>leal pol]f»Ti«ation acwxtog to th. pr-«t Invention 
Inoim. w.t«r. .ctonltril. (CH3CH), thylon. gXycol, Mthyl«« 
ohlorldo, othylono chlorldo, l«t«ono, propyiono c«|«»f , 

dl».thyl£or««l(io, dl..tlvl«ulf«eld., d4«thyl«ulfoiddo, .tli«ol, 
*«««.thyiphon*or«ad., alt«*«,.««, ttriUwlroft.r«n, 

!«« soloeular imlght polyMn, for ««ivu, poly(othyXo„. 

glycol), or . .ixtiiro of or ««• of tho obov. .olv«,t.. 

Uqmd onlfur dloxldo is 1.0 •„ of . .olvnt «lt«bl. 

for ehodeal or oloctroohoalcal polywrltatloa acoordlng to tbo 

prooont iavontion. 

Tbm polywrLatlon of py««»io and It. dorivativo. can 
hm easxiod oat Inaido or at tha Intarfaoa of an o^anlo or 
Inorgaalo boat .atarial (alK» r.tmrt^ to aa a boat ..trix or 
t-Dplata ) to ivpreva tb. polyar obaln alig««„t and ragularlty 
or to fabrloata apaolal davleaa, ^ „ drug-ralaaa. loro- 
oapmii... ExBrnpl- of tba boot »frial. Inclttda .icroporoa. 
Mbranaa (a.g., HuelaopoKO-typa polycaibonata filtration 
>tfbranaa and inopora altadna fUtratlon Mbranaa), iron- 
OKyohlorlda. aaollta., Ml-gal^.rlv«l aatal o«ida glaaaa. (..g., 
~adl«i oacldo), a qrnthatlo or natural polyiiar Indttdlag tba 
polyalaetrolytaa, and a aurfactant. otbar aolv«rt» or boat 
Mtariala to ba naad in tba aatboda aeeerdliig to tba praaant 
Invantlon wUl ba raadily «pas«rt: to ma aki'ilad in tba art 
baaad upon tba praaant dlsdeauza. 
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As vith prior art aatheds, th* pelyaarisatlen of 
nrrrolo and ito darlvativoa is pratarably oarriad eat at aabiant 
prassuxa sndar an air or loart gas (a.g., argea or nitregan) 
ataospbara with or without axelasion of aoistara. iha 
taaparatura raaga of tha ebaBieal or alaetroolianieal 
polyaarisatioB is vary broad and not partieularly eritieal, 
dspondiiig opon tha selvmts usad, as long as it doas net axeaad 
tha boiling point of tha aelvant or f «il balov tha naltiag point 
of tha solwant. A prafarabla taaparatura ranga is about -loo'C 
to about SO-e, with a t«Bparatnrs ranga of about -20«C to about 
room t«qp«ratara baing aora prafarrad. tewar XMCtiea 
taaparatursB ganaxaUy rasult in slowar rataa of polyaarisation, 
althoagh tha polyaara focaad hava highar alaetrical 
oonduotivitias. it will ba apparant to ena skUlad in tha art, 
hoiiavar, that with soaa orgaaie oolvants, tha taaparatura could 
avaa ba lowar or highar* 

m aeeerdanes with ths praaant invaation. tha xaaeUoas 
for pelyaaririag tha oeapoond of fomaa X ara eonduetad for a 
tiaa to auelaisa tha yiald and eptiaisa tha propartias of tha 
polyaara. In tha oaaa of ehaaieal polyaarisatien of tha CTnimnnil 
Of forvila I, a praf^oibla raaetioa tiaa is about l sacond to 
•boot « houra or aora. Canarally, tha longar tha raaetion tiaa, 
tha highar tha yiald but tta lowar tha eonduetivitiaa. 
Sharafora, a raaetion tiaa of lo aiautas to about a houra is aora 
pcafarzad. In tha oaaa of alaotretihaaioal polyaarisation, a 
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pr«fMrabl* Maetion tiae raa«« la abcrat 5 ainatmu to about 6 
lunira. Bawmvr, It wUl b. apparuit to eno aklllod la tiio art 
that daprndiag qpoa tho ooppeimd of fezmla X, tin initiator, tho 
oxidant, tho M2v«it Mod, and ethor oynthaUc paraMtara, tho 
roaetien tiaoa aay bo ahortar or loagor. 

Poztaapa aoat l^ortaatly, tho aothodo of tho pzoaant 
invaatloa roault la ooaaidozably iaeroaaod polyaarisatioa ratos 
Md poly>»r yiolda. !ihla ro«at. la highly eoot^footivo «id 
oaorgy offleloat aotheda for poiyaarlsiag pyrrolo aad ito 
darlvativoa* 

Iho iavoation vlll aev ba llluatratad la aozo dotail 
with rafaraaeo to tho folloirlag •paelflo, aon-lindtlag oioiapi.., 

Chaaioal MvntAm,i ^ ef M^ffy*tolmm 
teaapla i 

Tho laitlator, a.a'-blpyrrolo, vaa proparod froa tho 
eoadaaaatien of a-pyrrolidlaoao vith pyrrolo follvod by 
dolvdrogoaatioa ef tho ro«>ltiag pyrndiao baa«l on a Mdifiod 
Froo«l«ro in tho lit«rat«r.. ^ h. «.poport aad M. cmgaoll, 
yy^M; th> ^^-f Ttr m, p. am («63) 

•ad R. Rapaport and 9. Bordaor, Joiimai a> ary anlc «^ ilr*Trr. «», 
p. 2737 <«64). 90 •yathoal.o polypyrrolo, « .ol«tloa of pyrrol, 
(o.ois aolo) aad 3,3'-bipyrrelo (i.a « lo"* ^i,) 5 
alUilitoro (U) of .othaaol «ao ooolod to about o-e ia aa 



wtor bath. IS «l Of a oolation of F^Clj (a.4S x 10'^ .olo) in 
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Mthanol, pr«aool«d to about 0«C. m oeobiiMd vitb th« solution 
contaialag tho bipyrrols and pyzrela uador vlgerotts atlrrlng. 
Iha rasnlting aolutien dazlcanad iaaadiatoly and baeasw blaek In 
color as a prMipitats fenad. XMCtlon alxtars vaa stlnad 
for an additional 40 alnntas. Sba prMlpltats was oollaetad by 
filtration ondar s«dttead praaaura and vaahad with aoo to 400 al 
of Mttaanol nntil tba filtrata boeaaa eelorloss. Aftar drying 
undar vaouua for 94 boors at aabiant tsaparatora, a blaek product 
was Obtainad in 10% ylald. Tha eonduotivlty of this pelysar In a 
povdar-prassad pallat f ozn vaa aaaanrad using tha standard four- 
l»roba taehnlqua to bo about 150 fi/ea. 2a contrast, idioa tha saae 
roaetlen was earriad eat in tho abssaoa of 2,3'-ftipyrxelo, tha 
»to of roaetiea vas auoh sloirar as ovidanoad by • longar tiaa 
xaviirad for tho solution to darkan upon addition of tba oxidant 
■ad by • lower ylold (1.2%) of tha product. 

Zicaqpla z was x^paatod undar siaUar metioa 
conditions oxe«pt tho oonoantratioas of wa^, pyrrole and 2,2'- 
blpyrrolo wars varied (saa Bxa^pios XX and 2X1) , tha roaetion 
tnvaraturo was varied (see Sn^ples xv-W). and M-aethylpyrrole 
was nsad as the aoneMr instead of pyrrole and tha concentration 
of FeClj and a,2'-blpyrTole was varied (see Bxaaples VXX and 
vzxz) . She results are anaaarised la nble z. 
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Pell 



Conointratlon in ^^tS.^ 



X fyzroi* (p) 1.5 

" P 2.0 

gx ' a.5 

r * 

VII N-Mathyl- 

pyrrole (nmp) 1.9 



0.75 
1.00 
1.44 

1.33 
1.33 
1.33 

1.07 



0 
0 
0 

•20 
0 
20 

0 
0 



1*2 7.0 10.0 
7.0 12.6 15.5 
14.9 18.4 21.7 
0 2.4 

13.4 

21.1 



2.4 

14.9 



S.7 



♦ xolar p«remta9« of 2,2'-blpyrrol« to aonoBor. 

»«bl« Z tecnutrato. tHat an ineroaM ia the 
oo«c«»tratio« of tho Initiator (2,2'-bipyrw»U) »«ilt«l 
in a algaifieant inoxaaaa 1b tho yiald of tha polyMr. 
Q^lly, tha liigiiar tha oonoaatration of oaridant or 
aonoMr, tha Ughar tha yiald (aaa Bxamaaa X - m in 
Tabla 1) aad tha hi«har tha raactlon t«v~tura, tha 
M«har tha yiald (aaa Binuq»lo. XV - vi in Tabl. i). xn 
tha praaanea of tha blpyrrola, tha yiald. of polyffi- 
■athylpyrrola) vara alao ii««ovad aignifeantly (aai^ 
Beaqplas vix and VIXX ia fablo 2>. 



20.7 
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«l«ot»oohmio«i ByathMia of PoiTpyrrolM 
BlaetreehMiieal syntbMM and cyclic veltasMtzy 
irarc pcrfoKMd on an xuo nst Itodol 273 
petratiestat/ffalvaiieotot. A 3-oloetrodo eoll woo uMd 
with a saturatad ealeul alaetxcda (SCE) aa zafaranea and 
platinum fcila aa vozkiag and ommtar alaetrodaa. 

Zn tula axaapla, polypyrrola fila waa praparod 
on tha platinm working aXaetrede having a aurf aoa araa of 
3 oa^ toy cycling tha petaatial toatwaan -0.5 and O.S volta 
(V) va. SCB at a awaap zata of lOO av/aao at veen 
taaparatura. Sha zaacticn aixtura eonaiatad of a aolatiea 
of 0.3 M pyzrela, 0.3 x lo"* m 3r8'«hipyvrola and o.l K 
UthiuB parehlorata in es^ev. «m alactrolyta waa piiz«ad 
with nitxogan gaa fCr about lo aiautaa hafoxa applying tha 
petantial. Sha cyolie voltaaaograaa of polyaarisatien 
wara racecdad eentinuoualy and coineidaataUy with tha 
ayathaaia. Bafoca aaeb ecnaacntiva potential oyola, tha 
petantial waa hald at -0.8 V for 10 aacenda. iha aaount 
Of peljppyzzela f ezMd on tha alactrcda waa aeaitcKad toy 
aaaaoring tha eUtfaga in tha cathedic chazga, which waa 
found to ba diracUy prepertianal to tha aaount of 
polypyrrela dapeaitad an tha alactzcda. Xn tha pzaaanca 
of 0.1% (Bola) of 3,3'-fcipyzKala. tha aaount of 
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polypyrrol* fotM on th« •laetxod* was about tbrM tlaas 
(300%) Of that In tha aboaaea of a,8'-blpyrrola undar tha 
idantloal asg^iaantal eonditlens. Tbm mamt of 
polypyrrola dapealtad on tha alactzeda ia grapbieally aat 
forth in tha Flguxa. 



Sxaapla IX vma rapaatad uaing tha aaaa Maotien 
eonditiena amapt tha petantUla mm qyelaa batvaan -0.8 
•ad 0.9 V vs. BOB (BiMapia X)i and tha eaneontntlena of 
3,3'-bipyrrola vara variad «mnig: o.o k (i.a., no 
initiator m addad) (sxaqpia jn> , o,5 z lo"' M 
(Sxa^a XII), and 1.0 x lO"' H (Sxaqpla Xni). 

«ha aaeonta of polsppyrrela fozMd (rwwantad 
bar tha eathedie eharga) ara plottad againat raaetian tina 
(rapxasantad by tha oyola laanbar) ara ahoim in tha Figura 
for aach «ca«pla. Zn aU tha asaapiaa, a algnifleant 
inoraaaa in tha rata of polynariaation vaa abaarvad in tha 
praaanoa of tha bipyrrela Ceea|»>rad to no bipysrela in 
Zxanpla XI). lha inoraaaa in tha qp^li^t potwitiil and 
tha eeaoantntien of tho bipynroU ZMOltad in a furthar 
inoraaaa in tha rata of pelyMrisatiaa. Xn ail tha 
•nqploa, tha f iiaa of polypyrrela dapeaitad on tha 
alaetreda in tha praaanoa of tha bipyrrela vara nora 
anifom than thoaa in tha abaanoa Of tha bipyrrola. m 
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tbm oyelie veltaamoara&s Mcmrdttd during thm 
polyacrisatiena, tba modie peak potmtial abifted 
9radiiaU]r to hi^bmr valaas as tha polyaarlsatien raaetiena 
preeaadad dua to tha daeraaaa in eenduetivity of tha 
polymar. Xha axtant of thia petantial ahift in tha 
praaanea of tha hipyrrola «aa fonad to ba auOh anUar, 
indicating highar eendnetivitiaa of tha polyaar, ♦k.^ tha 
petantial ahift in tha abaanea of tha hipyrrola. 

Saaaaia it7 

Foly(|[-sathylpyrrela) vaa ^ynthaaiaad folieving 
tha aaaa proeadura mm daaeribad in tea^la ZX sxcapt 
E-«athylpyxcola ma naad mm tha aoneBar inataad of 
pyrrela. Sha raaulta vara alailar to thoaa daacrihad in 
Sxaqpl* IX. Vbm aratt of poly(£-aathylpyrxola) d^peaitad 
an tha alaetroda ineraaaad by aso to 300% in tha praaanea 
of 2,2'-bipynrela mu eo^^arad to tha aaennt of 
pely^-Mthylpyrrela) d^poaitad en tha alaetroda in tha 
abaanea of tha bipyrrela under tha mmnm rmetien 
oenditiena. 

Sm praaant imrantion aay ba aabediad in ether 
apaeifio fena vitheat departing trem tha aplrlt er tha 
aaaaatial attribataa thanef and, aeeecdiagiy, rafarance 
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•hcmld ute to th« .p«ui.d dalM, r«th«r than to tho 
forogoing *poclfi«tion «. ladleatlng tho seopo of tbo 



Invontien. 
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1. A mthed for pelyMrislng a eoqpouad having 
tha followiiig fetBula: 




X 2 3 

Mharain R , R and R ar« indapaadantly hydregan, halogaa, 

~0R^ or -SR^i and is azyX of 4 to 12 cazbena or 
aliptatie of X to 20 oaxbena, eo^prialag raaetiag tha 
eeaponnd of fenniXa Z in tha praMoea eft 

a. an initiator, tha initiator eo^iaing 
a 2*M]bstitiitad pyneXa nmlana which haa a levar 
eaeidatian petantial than tha eoapound of foxmala I and 
«hi«h ia oapahla of haing incerperatad into tha poXynar 
zaauXting frea tha poXyaarisatioa saaetienr 

h. a efaanioaX oaeidant or an appliad 
aXaotreobanioaX potantiaXi and 
o. a aoXvant. 

2. «te aathod aeeexdiag to exais i aharoin R^ 
ia hvdrogan, and r' and ara indpaadanUy hydregan or 
aathyX. 
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3. Th« Mttaod •eeertflng to elaia 1 ifhanin R*. 
K f and S mf indapentfantly Jiydrogm. 

4. iha Mthod •eeerding to elaia l nharaia tha 
Initiator ia a caapaanA having tha felloiring fontnlai 

H H 

vharain 

im hydrogan, halogan, -OR*, .»(R«)j, 
-IIHR* or -8R*| 

la axyl of 4 to 12 eazlwna, aliphatio of l to 
20 oaxtoona or a pelyaario raaiduaf and 

X !• on latagar txom o to 8, vlth tha provloe 
that vhaa R* ia hydxegan, x la net 0. 

». Sha aathed aoeoxdiag to elaia 4 «haraia tha 
pelyaarie zaaldiia la a polyaaida, a polyaatar, a 
pelyathar, • pelymthwa, a polyaeiylata or a vinyl 
polyaar. 

«. Thm aathod aeeerding to elaia 4 nhacain 
la hydioyaii aad x la i or 2. 
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7. Vbm asthod aeeezding to elaia 4 wherein 
im hydrogen end x is i. 

8. Ihe Mthod aoeerding to elaia l wherein the 
weldent exldisee the ee^oond of fotaula z and ie eoluble 
in the reaetien aolvent. 

9. She aethed aeeordiag to elaia 8 wherein the 
eaeidant is seleeted frea the group oensisting of a aetal 
halide, a aetal perehlorete, an erganie pereaeide, an 
inorganic peroxide, es^gea and an organic oxidising agent. 

10. She aethod eeeerding to elaia 8 wherein the 
oxidant is seleeted txm the qxoap eonsistiag of iron 
(111) perehlonte, oappar (H) pereblerate, lacoK),, 
facij, Alci,, CttClj, AST, and 8,0,, 

11. Vhe aethed aeeocding to elaia s wherein the 
oxidant eeaprises vaci^. 

13. She aethod aeoerdlBg to eUia l wharaia the 
xeaetiott ia cendneted in the praaanee of en aleetrelyta. 

13. She aethod aeeordiag to elaia 12 wherein 
the alaetrelyte aqpports aleetrechawleal polyaarisatien of 
the eeoveand of f eraola X and ia aoUbla in the caaetien 
•elvwit. 
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14. Thm Brthod ueortflng to elaia 12 «b«r«in 
th% •icotrelyta im ••looted froa tb« group ooiwioting of 
totratllcjrlamonlum ••ito, lithlua mtm, •ilvar salts, 
ergaale aelda aad iaozgaaio aeida. 

15. Vh* aothed aecordiag to olala 14 whosoln 
th« ttttnalkylaaBoaiua, litbiua and •iivor salt 
eeuatorieiw ara aalootod fno tho greqp eoul^tiag of 
totraflnoroborata, hwnfliieKourBmata. hnnfluere- 
pheq«hat«, porehlorato, flaorooalfpoato, Itydrogan .ulfat., 
trlfluoroaatlvloulfonat*, fi-l»«aob«i«o«o,uifonat«, 
S-telo«»^ulfoaat«, trlfluorDac«trt«, ohlorido, teonida, 
iedido, flttorid* and pheq^erato. 

1«. rbm aathed aeeerdiag to olala 14 vharala 
tha aeida ara fk«« aelda aalootad froa tha grocv 
conalatlng of tatraflaoroborlo. banflaoxoaraaBle, 
li«»fluorc|Ao«pi»rio, pordaorie, flnoreralfoBio, 
•ttlfarie, tr4£aaon»rtlwl«alfa»io. fi-teoaoi>«»aaawifoalc, 
S-tolnaaaottlfenie, trlflaoxoaortio. lv«rohalie, and 



17, 9ha Mthod aoeordlag to elaia la *^min 
tba aloetrolyta eoaprlao^ Licio^. 

18. Sha aathod aeeocdlag to elaia 12 nlMraia 
alaetrelyta eo^priaaa a polyalaetrelyta. 
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19. Vbm attbod aoooxding to eHUrn le vliamin 
tl» pely^aetrelyta im Ml«eted txcm tH* qroup eoiwlatlng 
of polypfaesphonto, polyaerylat«« poly(styraM •ulfenato) , 
and depod poly(othyl«no exido) . 

ao, Vbm Mtbed aecordlag to elaia 1 whozwln the 
•loetxeelMBieal potontial im oppliod fey ■ eyelie petontial 
wmmmp toeluilqna, a potantiostat tacbnlqna or a galvanoatat 
tadmiqu*. 

21. Iba Mthed aeeordlng to claim 1 vtaaraia tha 
aolvant aupporta aloetreelMBieal polyMrisatieii of tho 
goopou n d of fonmla z and tha solvaiit doos net oxidiaa. 

22. Tba aatfeod according to elala 21 wharain 
tha Bolvant la aalaotad ftrcw tha gzoap eonalatlng of 
mtar, aeatonitrlla, athylona glyed, aathylaaa ehloxida, 
athylana ehlorida, tatanena, pnpylano earbenato, 
diaathylfezuBida, diathyXanlfexida, diaathylaulfoxida, 
•thanol, aatbanol, haauaathylphoaphoraalda, nltzebanaana, 
tatrahydrofuraa, lov aolocalar «al«[ht pelyMra and liquid 
sulfiir dlooeida. 

33. tha aathed aeoordiag to elaia i irtiaxaia tha 
eaneantratloB of tha ooaponad of ftonmia l la about l x 
10*^ M to about 3 M. 



1)V0 92/13007 



PCr/U592/00445 



- 31 - 

34. Thtt atthod aeeordlng to elaia i wbarttln th« 
ccmettitratlon of tho ooqpound of foznula I is about 0.05 M 
to about 1 M. 

35. fba aathed aeoerdlng to elala i nlMrola tho 
eoneontratioa of tho Initiator la about o.05 to about lo 
Mlo poreant of tho eaaapound of fezaula i uaaA in tha 
roaetion. 

26. iha aathed neeordlng to dala i nhavain the 
eonoantration of tha initiator is about o.i to about 2 
■Ola pareont of tho eemwond of fonula Z uaad in tha 
raaetion. 

27. ma aathoa aeoordiag to elaia I nhorain tha 
aolar ratio of tha eiddant to tho oosfpound of foraula i la 
•hont o.itl to about aotl. 

as. Sha aothod aoeerdiag to elaia a? whorain 
tho aolar ratio of tha oKidaat to tha eo^Knind of f otaula 
Z ia about iti to about a.sia. 

aa. ma aothod aeeorOing to elaia la uharoin 
tho eoneaatration of tho oloetrelyto ia about o.ool M to 
about a H. 
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30. Thm Mthod aeeerdiag to eXaia u «li«nin 
tlM eoneratration of tha alaetrolyta la about 0.05 M to 
about 1 X. 

31. Tha aathed aeeordlng to elala l wbaraln the 
saaetlm la cemductad at about -lOO'C to about SO'C. 

32. Tbm Mthod aoeerdlag to elaia l vharala tha 
ztaaetlen ia oendnetad at about -20*C to about reoa 
taoparatura. 

33. 9ha aathed aeeovdlng to Olaia l Marala the 
tihaaleal polyMrlsatlen la eenduetad for about i aaeond to 
about 6 heuss. 

34. Sha aathed aoeerdlBg to elala I vharaln the 
•laetreohaaleal polyMrlsatlen la conducted for about 5 
alautaa to about < hours. 

35. An alaetrloally eoaduetlve pelyaar produced 
•eeerdliig to tha Mhod of elala l. 

36. Zh a aathed of praparlag polypyxsola 
eaaprlalag raaetlag pynrela la a aolvaat with a flhealoal 
OKldlalng agent, tha IvrevaaaBt eaaprlaiag polyaarlslag 
nrrrela la tha praaaaea of aa Initiator, tha laltlater 
eeaprlalag a a-aobstltutad pynol* aaelana which has a 
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low«r oxidation potontlal than vyrrelo and ^ith im 
eaprt>lo Of bolng ineozporatod into tha polyaar chain 
»Multing from tbm polyaarisation XMctien. 

37. Polypyzrolo pzoduoad aeeerding to tha 
aathed of elaia 34. 

38. Xn a aathod of preparing polypyzzola 
•lactroohaaically co»»rl.iag roaotlng py««l. in a aolvant 
by applying an olactrotibaBieal potaatial batvaan a 
Platinua olactrod. and a aaturatad oaloaai alaetroda in 
tha aolvant, and pUting th. polnvrxola on tha platiwa 
•lactroda, tha iqprovaaant eappriaing adding to tha 
•olvant an initiator, tha initiator co^oriaing a a- 
•ubaUtatad pyzxola nuolaua idii«h haa a lowar oxidation 
potantial than pyxrola and vhieh ia oapahla of h*ing 
laeorporatad late tha polyaar ohain vaulting froa tha 
polyMrisatiea xaaotion. 

»». Volypyxvola preduead aeeoxding to tha 
aathed of elaia 38. 
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